Background and Purpose: Implementing the guidelines to prevent VAP has been shown to have a significant effect on reducing
Introduction
Mechanical ventilation is associated with some complications mainly including ventilationassociated pneumonia (VAP), barotrauma, pneumothorax, pneumomediastinum, decreased cardiac output, nonoccurrence between the device and the patient's breathing and pulmonary emboli (1) . VAP is defined as the pneumonia developed 48 to 72 hours after intubation (2, 3) . VAP is the second most common nosocomial infection (4, 5) and the first most prevalent infection in ICUs with the highest mortality rate among nosocomial infections (6) (7) (8) . This infectious complication leads to longer hospital stays, higher costs and mortality rates (9) (10) (11) . In United States, each episode of VAP is associated with 4.3 to 13 days increase in hospital stay and 12000-4000 dollars rise in therapeutic costs for each patient (12) . There are various guidelines regarding preventive measures for VAP in different parts of the world (4) such as guidelines represented by Centers for Disease Control (CDC), Institute of Health Care Improvement (IHI), European care bundle and clinical practice guide including semi-recumbent position, discontinuation of the sedative drugs once a day to check the possibility of extubation, using new endotracheal tubes, the drainage of subglottic secretions, using orogastric tube (OGT) and comprehensive dental and oral hygiene (13, 14) the administration of prophylactic agents for gastric ulcer and deep vein thrombosis (DVT) (15, 17) , hand hygiene, staff education, using the protocol for weaning the patients from mechanical ventilation (15) , oral intubation, kinetic beds, closed suction system, changing the humidifiers weekly or for each patient, changing the suction system for every new patient (16) and using gloves (17) . The aim of such measures is to modify the care procedure for the patients with mechanical ventilation, leading to reduced incidence of VAP due to the implementation of the guidelines (15) .
Currently there is not enough data assessing the performance of ICU staff in ICUs in Iran, particularly concerning preventive measures for VAP. Although knowledge of the guidelines does not guarantee the implementation and adherence; lack of knowledge may be a barrier to adhere to and implement VAP prevention guidelines (18) . Among the ICU staff, nurses have the most critical role in implementing most of the VAP preventive measures, thus their knowledge about the subject is of great importance (19) . Findings from several studies show rather low levels of nurses' knowledge about VAP preventive measures (20, 21) . In addition, there is little data on the level of guidelines application and the compliance of the nurses with them (19) . There is no doubt that in order to improve the cares and implementing the standards, the first step is to assess the current situation to pursue evidence-based strategies for improving the practice. Concludingly, this study was designed to assess nurses' knowledge in ICUs of educational hospital of Sari, Iran.
Materials and Methods
This study is a descriptive research. this study population included the nurses working in three ICUs of a university hospital in Sari, Iran. Study subjects included a total of 54 ICU nursing staff. Data was gathered using a questionnaire to evaluate the nurses' demographic data and their theoretical knowledge. The questionnaire was completed by a researcher during two months in 2012. The nurses' demographic data (including gender, years of experience in ICU and the acquired licenses) were recorded. Their knowledge was assessed using a multiple-choice questionnaire consisting of 9 items designed by Labeau et al. (22) and then it was used and validated by Blot et al (21) . Each question contains one correct answer, 2 wrong answers and one option as "I don't know". They were asked to complete the questionnaire in 15 minutes similar to the previous studies. Validity and reliability of this questionnaire have been checked somewhere else (18) . The content validity of the Persian translation of the questionnaire used in our study was approved by 5 expert professionals in Mazandaran University of Medical Sciences (MAZUMS). The test-retest reliability of the questionnaire was determined as 0.92. Data was analyzed using SPSS 16. Descriptive statistics were reported as mean± standard deviation and percentages.
Results
Of the 52 nurses participating in the study, 84.6% were women and 15.4% were men with mean age of 32.24±7.1. 6.5% of nurses had less than one year of ICU experience, 45.3% 1-5 years, 25.8% 6-10 years, and 22.4% more than10 years' experience. 71% of respondents had a degree in emergency and critical care. Frequency of the correct answers for nine items asked in the questionnaire was as follows: oral intubation, 34.6%; type of airway humidifier 78.8%; closed suction system 80.8%; using kinetic beds 90.4%; endotracheal tubes with extra lumen for the drainage of subglottic secretions 65.4%; semi-recumbent position 82.7%; the frequency of humidifier changes 3.8%; the frequency of change in suction system 13.5% and the frequency of ventilator circuit changes 17.3%. The last three mentioned items had the least percentages of the correct answers among the respondents. According to this questionnaire nurses' knowledge mean level on VAP preventive measures was determined 51.92%.
Discussion
In this study, Iranian nurses' knowledge of VAP guidelines was evaluated. Generally, the results were average. The mean scores of the 9 items assessed in our study was 51.92% which is in consistence with the results from Blot et al (41.2%) (21) . In the study by El-khatib et al the total mean scores of the physicians, nurses and respiratory therapists was reported 80.2%, 78.1% and 80.5%, respectively through evaluating the level of knowledge as appropriate for all the staff (18) . In comparison, the knowledge of our nurses seems inadequate and they need further education according to the new guidelines.
Evaluation of the nurses' knowledge using questionnaire showed that 34.6% of them chose the correct answer about oral route for intubation, 78.8% were correct about the type of the humidifier and 80.8% chose closed suction system correctly. These values in Blot's study were reported 18.7%, 54.7% and 16.9%, respectively (21) . The study was done in Belgium and demonstrated the nurses' knowledge of VAP guidelines in three categories was worse than the present study. Similar to our results in the studies by Heyland et al (23) and Ricart et al (19) respectively, 80, 84% of the respondents used heat and moisture exchangers. But in the study by Sierra et al (24) 96% of them used that was better than our result. Closed suction system use in Iran hospitals is very low since the system is expensive. Though, the nurses' knowledge seems to be good about this area. In Canada , closed suction systems are used in 88% of the ICUs, whereas in Spain, open tracheal suctioning was reported in 96% of the ICUs (23, 24) .
In this study, using kinetic beds, endotracheal tubes with extra lumens for the drainage of subglottic secretions and semi-recumbent position were correctly responded by 90.4%, 65.4% and 82.7% of the respondents. Also, the studies semi-recumbent positioning was well acknowledged to prevent VAP (19, (23) (24) (25) . Like our study, in Blot's study, 60% of the respondents knew that draining subglottic secretions decreases the risk for pneumonia. The beneficial effect Bagheri-Nesami M, et al. of kinetic beds was recognized by almost half of the nurses (48.7%). For these two issues, 28 and 31% of the nurses, respectively, reported not to know the answers which suggest that these strategies are seldom used in ICUs. However, in our study for these two issues 5.8 and 0 % of nurses, respectively, reported not to know the answer. The items with the lowest scores were the frequency of changing ventilator circuits (17.3%), humidifiers (3.8%) and suction system (13.5%). It is recommended to change airway humidification systems weekly or when clinically indicated (26) . The frequency of correct answers for each item in Blot's study is better than our study and as follows: the frequency of changing ventilator circuits as 48.6%; the frequency of changing humidifiers 13.3%; and the frequency of changing the suction system as 19.6% (21) . In the studies by Rello et al (25) and Ricart et al (19) the heat and moisture exchangers were changed on a daily basis in 59 and 75%, respectively. Sierra et al found that in 75% of the ICUs, ventilator circuits were changed every 72 hr or later (24) . This is in line with Blot's findings where nurses indicated to change circuits weekly or later in 76% of the respondents. The results of El-khatib et al's study indicated that the participants were most frequently correct about using an endotracheal tube with a lumen than usual for the drainage of subglottic secretions and about using open versus closed suction systems. Respondents had the least knowledge about the frequency of humidifier changes and the optimal frequency of ventilator circuit changes (18) . Our study findings demonstrate that nurses' knowledges about VAP guidelines is not good, and highlights the need for comprehensive education based on the current recommendations. One might question the importance of pure knowledge versus the application degree in practice. We believe that thorough understanding of the recommended strategies supports the adherence and overcomes potential barriers as previously identified (19, 21, 25) . Additionally, increasing the average level of knowledge has been the first step in successful multifaceted educational programs (27) . The results of another study underline the importance of having a continuous training programme for nursing and ICU staff, indicating the need to ensure that all ICU staff work together on the preparation and regular updating of evidence-based clinical and nursing protocols and guidelines (28).
Conclusion
The results of the surveys with this questionnaire can be used to focus educational programs on VAP. The questionnaire can also be used before and after educational programs to assess the effect of the programs on nurses' knowledge of interventions to prevent VAP. Guidelines to prevent VAP can change over time. Adaptation and reevaluation of the questionnaire will be needed each time new evidencebased interventions for preventing VAP are discovered.
